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lntroduct ion

Infant immunity differs in many important respects frorn immune reactions
in adul ts.  The newborn baby is to a large extent immunological ly naive and con-
sequently many immune reactions represent primary responses. During the f 'etal
per iocl  the intmunÈ svstenr is suppressed and this is st i l l  the case at  b i r th.  Fur-
thernrore , the inrrnunity of the newborn infant is influencecl by maternal immu-
ni ty,  both t ransplacental ly and via the breast rni lk.  Thus, there is a c lose immuno-
logical  interact ion between the mother ancl  her inf ì rnt  dur in-e the sestat ion and

during the periocl of breast-f 'eeding. b1' which tl ie fetr"rs receives protective fac-
tors and componerì ts that  modify the immune system. as wel l  as ant igenic st im-
ulation. The maternal health and immunity are therefore to be considerecl as
important'environmental factors' for the fètu.s and infìrnt.

There is accumulat in-s evic lence that the condi t ions under lvhich the pr imary

encounter wi th ubiqui tous food ancl  inhalant al lergens takes place may have a
long. perhaps even l i te- long impact ancl  to decide whether to lerance to the al ler-
gen wi l l  develop or whether sensi t izat ion and cl in ical  manifestat ions of  a l ler-uy
are t r iggered. Recent evidence indicates that th is encourì ter  may occur already in
t-etal life.

Prenatal lnteraction

The womb is the f i rst  environment that  an indiv idual  encounters.  Relat ively
l i t t le is known about the exchange of  immunolo-eical  informat ion c lur ing the -ses-
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tat iorur l  pcr iocl  hct lvccrr  t l ic  rnothcr anr l  [ tcr  o l ' l 'spt ' ing.  Thc tcturs is protccte( l  f ' rot l ì

vur ious  ex terna l  in f ' lucnces  by  thc  p laccn ta l  bur r ie r . ' fh is  L rar r ie r  i s  se iec t i vc  anc l .

f ì t r  exarnp le .  n ra tc rna l  IgG ant ibor l ies  anc l  var ious  an t igcns  pr Ìs : i  th roLrgh i t  [ l | .
J 'here is an act ivc t ra l lsport  o i  IgG. as incl icatecl  by the higher levels in the corcl

bloocl  t l tarr  i r r  the matcrnl l  senrnr.  Thcir  speci f ic i ty c lepencls on the maternal

i rnmunity.  The barr ie r  c locs in pr inciple not al lo 'uv thc passagc of  other isotypes.

nor of  cel ls to the of l 'spr ing.  By increusing nlatenial  i r r take of  mi lk and cgg, for

example,  dur ing pregnuncv. i t  is  possible to increasc ntaternal  ant ibody concen-

trat ions to these foocls ancl  by increasing the intake t l iere is a ct>rrcsponcl inu

clecrease in ant ibody concentrat ion [21.
There are several  rvays by which t ransplacental ly t ransf 'erred imn"runi ty by

maternal I_sG antibodies may protect the babl-. They reduce the risk fbr infec-

t ior- ts in the intcst inal  ancl  respiratory t racts [31.  Such infect ions could possibly

change nrucosal  barr ier  l 'unct ion and i r r f luence immune responses to i tnt iqens,

inc ILrc l i  ng enhunccd al  lerg ic sens i t  iz i t t i t tn.

There are : l lso incl icat ions that nraternal  IgG ant ibodies against  var ious

foocls may protect  thc infant f rom sensi t izat ion.  a l thou-eh these studies wcre

never publ ishecl  as fu l l  papers.  Furthermore. in another.  n lore recent ancl  larger

study this could not be conf i rmed f4l .
ln contrast  to IgG. maternal  IgE is supposecl  not  to pass over the human pla-

centa.  The human fetus seems capable of  proclucin-q I -eE ant ibodies [5] .  but  uncler

norntal  c i rcumstances this procluct ion is l imi ted. as indicated by the low levels of

IgE in corcl  b lood. Elevated levels of  cord bloocl  IgE, i .e.  above about 0.8 kU/I .

c lo occur in some newborns ancl  they are associated with an increasecl  r isk for  the

c leve lopment  o f  a l le rg ic  c l i scase c lu r ing  in fanc l ,and ch i ldhood [61 .  Thc  most

l ikely explanat ion for  the prescnce of  e levatccl  levels of  IgE in corcl  serum of

al lergy-prone babies is a low-grade spontaneous synthesis of  polyclonnl  IgE,

al ternat ively by fetal  IgE procluct ion a-eainst  a l lergens passine through the pla-

centa.
Transplacental  t ranster of  maternal  ant i - id iotypic ant ibocl ies is a seconcl

possible explanat ion for  the occasional  f inding in cord blood oi  IgE ant ibodies

cl i rectecl  against  var ious al ler-uens t7.81. Such maternal  IgG ant ibodies c l i rectecl

against  the ant igen-speci f ic  parts of  other ant ibocl ies have a structure s imi lar  to

the ant igen and they can replace the ant igen as i rn immunological  st imulus.  As a

conseqLtence. ant i - id iotypic ant ibodies woulc l  have the capaci ty to st imulate fetal

ant ibocly fbrrnat ion against  certain ant igens. Such ant ibodies tnay also theoret i -

cal ly moclulate infant immunity in other ways, ei ther up- or down-regulat ing,

c lepending on the ci rcumstances.
Elevatecl  levels of  IgG ant i - l -eE ant ibodies in the cord blood appear to be

associatecl  wi th less al lergy dur ing the f i rst  l8 months of  l i f 'e Ic) ] .  This was par-

ticLriarly obvioLrs in babies rvith a stron-q family history of allergy'. This finclin-e
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would incl ic l r tc th l t t  ntatcrnal  imr luni ty may be an important environmental  f ,ac-
tor in l ' luc 'ncir tg thc r isk tbr  a l lergic manifèstat ions in hcr chi lc l ,  even many years
later.  I t  is  a ist t  possible tht t  reports of  a stronger inf lLrence of  genet ics.  ,ur . ,5en
îtopv is inher i tcr l  f rom t l te maternal  s ide nrthcr than from the paternal  [10] .  are
rtot  explained by senet ic i rnpr int in-u bLrt  by an ear ly envirorrrnental  inf lgence.

A third explanat ion is that  tètal  IgE procluct ion mav possible be a conse-
clLlence of  a l lereens passine through the placenta ancl  inclucing an imnrunological
response in the fètus.  This possibi l i ty  is  incl icatcd by the observat ion that pro-
teins.  eaten by pregnant rats.  can be isolatecl  both in ser l ln l  of  their  pups and in
the amniot ic f lu id l l l .  In hurnans. foot l  a l lersens are of ten pres;ent in the serLlm
of adul ts af ìer  ingest ion of  mi lk and egg, but so far  there is no clocumentat ion of
fbod al lergens in the fetal  c i rcLr lat ion.  There r ì re occasional  reports of  low levels
of  IgE ant iboci ies against  cow's mi lk in sonle samples of  cord bloocl  f l2-151.
Furr therntore.  posìt ive skin pr ick tests have been el ic i tecl  in newborns to peni-
c i l l i n ,  he ln r in ths .  co \ \ ' s  mi lk  and -s rass  po l len  t l6 -181.  In  o ther .  la rger  s tud ies
prenatal  sensi t izat ion could not be conf i rmed [2,  19,20J. I t  is  reasonable to con-
clude that althou-sh the f 'etus is not completely protecteci from allergenic mate-
r ia l .  i t  is  rarely sensi t ized in utero.

There are several recent reports indicating that the primary contact with
al lergens may take place dur in-s fetal  l i fe.  Thus. T-cel l  responses to several
inhalant and food allergens have been recordecl in cord blood l2l-241. It is not
known whether these immune responses are causecl by exposure to the Í.ìntisen or
to ant i - id iotypic arr t ibodies.

It has been suggested that perinatal stress fìtctors cor-rld represent environ-
mental  inf luences that would increase the r isk for  later appear ing al lergic disease
I l l ì1.  These.studies'rvere retrospect ive,  hor.vever,  ancl  c l ic l  not  control  fbr  var ious
other possibi l i t ies.  In unpubl ished str . rc l ies we have not seen 1ny inci icat ion tbr
prematur i ty in i tsel f  as a r isk f 'actor for  atopic sensi t izat ion.

Maternal Diet during Pregnancy

The fact that toods are the dominating aller-eens in infants, as well as the
possibil i ty of prenatal incluction of IgE antibocly formarion, has prompted stud-
ies of maternal dietary restrictions during pregnancy as a me:ìns to prevent the
development of  the IgE ant ibodies and al lerey in the babies.  Some of these stud-
ies are however di f f icLr l t  to evaluate.  as the maternal  c l iet  was not l imi ted to preg-
ni ìncy blr t  conr inued into the lactat ion per ioct  [25] .

Two prospective stLrclies that were l imited to stuc-lying the effects of dietary
manipulat ion dur ins pregnancy both fa i led to re veal  anv protect ive ef fèct .  In one
of the studies.  presnant women with a fami ly history of  a l lergy were randomlv
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lussignc( l  [o ar]  unrcstr ictccl  c l ic t .  or  to an cl i r l inat ion r l ic t  c lLrr ing the last  t r in lcstrr '
of '  prcrnancv [-1.  2(r ì  Al lergenic foocls I ike corv 's rni lk.  cgu ancl  l ' ish wcrc
erc ludec l  in  t l re  i r r t c rvcn t i ( ) r1  s roup.  In  another  p rospcc t ive  s tuc ly  o l ' s i rn i la r l y
sclcctcd nlot l ì t : rs,  the part ic ipants ei ther had a c l ic t  lorv in these toods. or hacl  a
c l ie t  w i th  inc rcascd an lo l ln ts  o f  m i lk  and eggs . i .e .  a t  leus t  I  l i t re  o f  n i i l k  anc l  onc
egg clai ly [2.271. In contrast  to the e f fèct  of  c l ic tary rnart ipr-r lut ior t  of  breast- tècr l -
ing mothers (sce be lor ,v) ,  none of  the diets dur ing pregnÍ.rncy \ ! 'cre associ t tccl
r ,v i th a reclucecl  r isk tbr  fbocl  a l ler_gy. nor of  other symptoms of 'atopic c l isease in
their  babies.  Thus, nei ther the avoidance of  certain al lergenic fbocls.  nor in-
creasecl  i Ìmounts of  thern in order to st inrulate IgG ant ibocly format ion hacl  any
appreciable el ' f  ects on cl in ical  syrnptoms.

The studies inr l icate that  d ietary nranipulat ion of  the mothers c lur ing pres-
nancy is not associated rv i th less al lergy in their  babies.  unless cont inuecl  into the

lactat ion per iod.  Consequent ly.  no dietary restr ict ions should be imposecl  on
prelnant women for al lergy prevent ion purposes.

Other Prenatal Factors

It has been reportecl that smoking. as compared to nonsrnokin_q motliers.
rnore of ìen give bir th to infants wi th a high neonatal  I_sE concentrat ion [281.
Tl-rese studies were however not conclusive,  as they can be cr i t ic izecl  l ' rom u
methoclological  point  of  v iew. In contrast  to the role of  exposLlre to tobacco
srnokc al ' ter  b i r th.  the role of  th is prenatal  is  st i l l  not  conclusively proven.

There are also inclications that nrcclication to pregniÌnt wonlerl may al'fect
the rate of  a l lergy in their  chi lc l ren.  Observat ions inclucle a possible increasc in

neonatal  [gE concentrat ion in babies of  rnothers t reatccl  wi th the B-blocking
agerr t  metoprolol  [29] .  Intrauter ine exposure to rnetoprolol  tended to be associ-
ated with more atopic disease dLrr ing the f i rst  years of  l i fe,  as comparecl  to chi l -
dren of placebo-treatecl mothers.

The inf lLrence of  maternal  d isease clur ing pregnancy on the rate of  a l lergic
cl isease in their  chi lc l ren has not becn ac' lequately assessed in prospect ive stucl ies.
There are however s l rggest ions that the wel l -being of  pre_unarr t  asthnrat ics nruy
lc lc l  to the -qenet ic r isk for  development of  atopic disease in their  babies Ll8.  301.

In conclusion. al thou-gh much remains to be studied. i t  is  reasonable to
assl lme that maternal  imrnuni ty.  heal th and medicat ion.  part icular ly c lur ing the
f inal  part  of  pregnancy al l  may have consequences tor the incic lence of  a l lergy in
their babies, at least durin_u early chilclhooci. Whether prenatal factors may also
l f fcct  the changc of  a l ler_gy later in l i fe rcrnains to be stucl iecl .
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H u m a n  M i l k

Huntan  rn i l k  con ta ins  nur t tc rous  conìponcnts  tha t  p ro tcc t  thc  in fan t  aga ins t
in lèc t ion :  [ , ] i .321 .  Thef  inc lL rde  fac to rs  thu t  p rov i r l c  spec i f i c  i r ln rL r r r i t l , .  c .g .
secre tor ) '  IgA.  low leve ls  o f  IgG.  IgM and [gE anc l  v iab lc  l ymphocy tes .  Of  even
larger i rnportance is probably the prcscnce ot-  nurnerous fhctors,  l ìowever.  that
provic le norrspeci f ic  protect ion a-sainst  potcnt ia l  pathogens. inclucl ing gut colo-
rr izat ion wi th nonpathogenic bacter ia.  lect ins and other carbohydrates ancl  l ip ids
with ant imicrobial .  ant iv i ra l  ancl  ant iprotozor.rn act iv i ty.  Growth f i ìctors.  inclLrd-
ing f ì rctors enhancing gut c losure.  are also prcsent in the mi lk.  Such f ì tctors are
possibly of  c l in ical  s i -eni f icance. for  exarr tp le by rcclucing ant igen uptake
throu-qh the -gut wal l  and by'  th is redLrcins the r isk for  sensi t izat ion anci  the devel-
opment of  intest inal  a l lergy' .

There i ì re also incl icat ions that human ni i lk  cont; . r ins conlDonents that
enhance the nraturat ion of  the i r -nntune systerrr  of  the newbrtrn inf-ant.  Several
recent str-rdies incl icate that  human mi lk nrav exert  a regulutory role on infant
imrnuni ty.  Observat ions inclucle an ear ly st inrLr lat ion of  IgA arr t ibody synthesis
in breast- fecl  infants f33-351 and transfer of  cel l -mecl iatecl  immr-rni ty f  36,  371 and
cy tok ines  [37 .38J .  T l tus ,  huml tn  mi lk 'uvou lc l  no t  on ly  p rov ide  pass ive  pro tec t ion
against  infèct ions,  but also act ively st inrulate infant intmrlni ty.

I {uman rni lk contains foreign ant igens. c.q.  food ant igens eaten by the
mother  [311.  ThesL-  r ì r l y  sL-ns i t i ze  the  baby  I t1 .201.  The smal l  amounts  o f  a l le r -
gens t l iat  mav be prc 'sent in breast rni lk can. thus.  bc sLr l ' l ' ic ient  to cause a hi_gh

-{racle of  sensi t izat ion in a gt--net ical ly precl isposccl  infant ancl  even to evoke al ler-
gic syrnptonts c lur ing lactat ion.  Thesc observat ions have prompted cl in ical  stucl-
ies in r ,vhich t l ie maternal  c l iet  rvas nrodi f icc l  dLrr ins pregnancy as a possible
meatìs to prevent sensi t izat ion ancl  a l lcrgic manif-cstat ions in their  babies.  In
sotlìe stuclies however. the maternal antigen avoidance cliet was stlìrtecl already
clur in-g presnancy t251. A reduced incic lence of  atopic c lermat i t is ,  ur t icar ia and/or
gastrointest inal  c l isease was noted up to at  least  l1 nronths of  age. but r rot  later.
ancl  there was no ef fect  on the incidence of  ast l imu ancl  rh inoconjLutct iv i t is .

The ef- fèct  of  Inaternal  hypoal iergenic c l iet  c lur ing the lactat ion per iod was
i lc ldressecl  in a Swedish stucly 120, 391. Nlothcrs of  infants wi th a tami ly history
ol' allergy either aclherecl to a cliet r,vith total avoiclance of cow's rnilk, e_ug and
fish procL-rcts or ltacl i ln unrestricted cliet fronr the tinre of clelivery and ciuring the
f i rst  3 months of  lactat ion.  The infants were exclusively breast- fèd for at  lcast  3
months or,  i f  th is was not t -easible,  'uverc gi l 'en a hydrolysate tormLrla.  Both
groups of  inf i rnts were given a cusein hydrolysate torrnLr la up to 6 rnonths of  ase,
i f  they were not fLr l lv  breast- fccl .  The incic lence of  atopic c lerrul t i t is  was signi f i -
cant lv lower c lur ing the f i rst  6 nronths of  age in infants of  mothers aclher ing to
the hypoul lergenic c l iet .  as comparecl  to the nonc- l iet  groLrp.  Furthermore. the

Iì j i)rkstén l(.)



' j . t c r r l i . ì l  t i i c t  r -cs t l i c t ipns  rcsu l tc t i  in  l  s ig r r i t ' i c l rn t l i ,  l t tuc r  r i . t t t  o t ' sc l l s i t i l L l t i t l l t  i t i

the  t l i c t  ip fup ts  t lg r ipg  thc  t i r r rc  o f ' r ' c : t r i c t io r t r .  J -hc  t ì r l lo rv -Lrp  r t t  - l  - r ' c l t t ' s  o f  l tgc

sh . r , , , cc l  a  s ig r r i f i cun t  r l i t ' l c rcncc  in  thc  inc i r l cncc  o f  a t t lp ic  c lc r r t t t t t i t i s  in  thc  c l i c t

chi l l re '  cotnparL-( l  r r , i th t [c nonr l iet  chi l t l ren [3c)1. ' Ihc i r rc ic lencc i tncl  prevl t lcnce

Of Other atopic manif 'cstLrt ic-Xts rv 'cre s inr i lar  in thc twt l  groLlps howcvcr '

ln c.nclusior-r ,  thc prospect ive stLrcl ies in r ,vhich thc ef fèct  of  avoic l l tnce cl f

6 ighly al lergenic fbocl  by lactat i r rs r lothers r ,v i ts cvl t luratecl  incl icatc th:- t t  such

rna. ipLr lat iorr  of  t6e rnaternal  d iet  in exclr-rs ivelv breast- f  ccl  in l 'ants nlav c le lay t l ie

onsct ol  a l lergic scnsi t izat ion ancl  c l iseusc'  in their  babies ancl  a lso rcsul t  in less

scvere c l iseasc i1 those that c lcvelop al lergic synlptoms. Thtts.  manipulat ion ot '

the maternal  c l iet  may be worthwhi le c lur ing the lactat ion per iod (bLrt  not  c lur in-u

pregnancy) in farrr i l ies wi th a gener ic precl isposi t ion for  a l lergic c l isease. Mater-

nal  c l iet  sheLr lc l .  however,  be employecl  only in selected cases ancl  i t  shoulc l  not  be

reconlnlendccl  indiscr iminately,  as i t  imposes a substant ia l  er lot i t lnal  ancl  social

stress o' the fa6ily as well as a risk for sr.rboptinral nr,rtrit ion of the t 'nother. Fur-

thermore. the fami l ies shoulc l  be intbrrnecl  that  thc resul ts of  evetr  a str ict  mater-

nal  hypol l l lergenic c l iet  are at  best  n loclest '

Since sensi t izat ion occurs so of ten c lur ing breast- fèecl ins,  the thought i tsel i

sLlgsests that high-risk infants shor-rlcl not be breast-ted at all br"rt shoulcl rather be

giuen hypoal ler-eenic tormula immecl iately at ier  b i r th.  However,  in the l ight  of

al l  the other advnntages of  breast- teecl in-s,  inclucl ing both biological  ancl  psycho-

logical  i - t ( lv i . tntages. such aclv ice shoLr lc l  not  be given at  present.  Nevertheless.  a

careful  evaluat ion of  such a prevent ive nlei , ìsure is just i f iable.  Even thoLr-rrh the

results in the l iterature clo t-tot tbrm the basis for any -Ueneral preventivc lneì-

sures.  they increase the insight into the process of  sensi t izat ion ancl  thereby help

to increase our unclerstancl ing of  scemingly contradictory case histor ies that  the

parents somet imes give.  Tl-re mot l ie r  who. at ìer  weaning, reports that  the chi lc l 's

eczema has got bettcr ,  is  probably jLrst  as r ight  as the mother c la i rn ing that thc

ecze,-' ' ì i ,ì in her infant ,uvorsenecl when he-r chilcl receivecl an infant forrnula. In the

f i rst  case. se nsi t izat ion to eggs. tbr  exanlple.  may have occt-rrred and t f te amoltnt

of  a l lergen in the breast mi lk was suff ic ient  to provoke symptoms clur ing lacta-

t ion.  An improvement then took place nf ter  r ,veaning when the chi ld was qiven

.rc l inary foocl .  which.  lor  the chi lc ' l ren ol that  age usLral ly contain no esg protein '

Sirni lar ly,  in the seconcl  case. sensi t izat ion to cow's mi lk,  for  instance, may have

occurrecl .  but  not to such a c legrce that the srnal l  i rnrounts of  cow's nr i lk  t rans-

tcrreci by breast nti lk provokecl synlptoms. rvhile such svmptoms were provokecl

when a cow's milk-basecl formula rvas introclucecl.

The precise relat ion between breast- teeding ancl  infant al lergy is thurs not

f* l ly  unc- lerstoocl .  I t  is  reasonable to l tssume that any al lergy-protect ive ef fects of

breast-tèecling may vary r,vith the incliviclual motht:rs. as both their diet and their

i l rp l rpc status appear to play ' l t  r t l le ( tablc l ) .  Als i l .  1n al lerg. ' - -prevent ing ef tect
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7 ' , t l t l t  / .  B r r ' l r : t - l ' c c t l i r r s .  u n t l  p o s s i b l c  p r r l t c c t r o r r  l r q l i r r s t

i t l l c r s i c  c l i se  use

Appe  a rs  to  de lay '  t he  onse t  o f  a l l c rg ,v  i n  _gcnc t i ca l l y
p l cd i sposc r l  i n r l i  v  i dua ls

Thc  a l l c rg l ' - p reven t i ve  qua l i t y  o f  rn i l k  mav  va rv .  e  . s . :

Maternal  c l iet

N l l t t e rn i t l  i n rn tun i t y

Severa l  poss ib le  p ro tec t i ve  n rechan isms .  e .q . :

Protects against  infect ions

St imLr la tes  the  matu ra t ion  o f  thc  i n lnune  sys tcn t

Low al lergen content

Passive t ransf 'cr  of  inrnruni tv

of human mi lk seems, hor,vever,  to be l imi ted to babies wi th a -eenet ical ly deter_
mined increased risk fbr aller-eic disease [40ì. This lends turther support to the
notion that environmental factors associated with an increased rate of allergic
disease in chi ldren are mainly operat ive in indiv iduals wi th a genet ic propensi ty
for al lergic sensi t izat ion and disease.

Conclusion

There is a c lose immunological  interact ion between the mother ancl  her
baby which is operative throu-ehout the gestation period and after birth Lrnti l
weaning. ThLrs. the mother cloes not only genetically infìLrence her otfsprin_e bLrt
also represents a significant environmental factor early in l i fè. Recent reseiìrch
has provided evidence that primary exposure to antigens may occur alreacly clLrr-
ins fètal  l i fè.  The cl in ical  s i -sni f icance of  these observat ions are unknown.

Breast- lèeding is of  major s i -qni f icance to promote the heal th of  the infant.
This is particr"rlarly trr,re in developing countries, but it has major advantages over
formula-feedin-s also in weal thy,  industr ia l ized countr ies.  Much more needs to
be learnt about the complex immunological interplay between the mother ancl
her babv throush the breast mi lk.
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